Data Flans for Tablets and Wireless Devices - AT&T
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provided in increments of 250MB at 514 .99 per 250MB on a 250MB plan or 1GE at 510 FBEBE Wtk Tehes r_'ma dataplans html
allowances, including overages, must be used in billing perod provided or will be forfeited. Data: Tethenng is allowed with compatible
devices only with 5GB plan. Data used by devices connected to a tethering device or mobile hotspot is deducted from the data
allowance, Wi-Fi: Access to AT&T Wi-F) Basic for Wi-Fi enabled compatible devices is included. See www.attwifi.com
(http:iiwww.attwifi.com/) for additional restrictions and hotspot locations, WI-Fi Basic terms and conditions apply. International Wi-Fi
access is not included. International Roaming: Menthly plan prices do not apply to data usage while roaming. If roaming
outside LS., international data rates will be -:.narged at 50.015 per KB (Canada) and $0.01895 per KB {all other international), General
Wireless Service Terms: Subject to Wirel Agr Activation or upgrade fee (up to 540) per line &depost may
apply. An activation fee may be charged if corwerting from a prepaid or session-based plan or when actwating an additonal
device/line. Credit approval may be requred. Other Monthly Charges: Apply per line and may include taxes, federal and state
universal service charges, a Regulatory Cost Recovery Charge (up to $1.28), a gross receipts surcharge, an Administrative Fee, and
other government assessments which are not guvernment :equrreﬂ charges, Pricing, fees, options, restrictions and terms subject
to change and may be modified, termi d, ord at any time without noticeCoverage and service not available
ever\rwhete Cther restrichons apply and may result in service terminahbion. For full service terms and conditions, visit

Wireless Legal Site (hitp:iiwww.att.com/wirelesslegal) | Wireless Customer Agreement | Cell Phone Records Security (hitp:/iwww.att comigen/public-attairs 2 pid=13030)
| Other Monthly Charges | Plan Terms | Quline Pricing
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More Everything Plan - Verizon Wireless hittp fwww. verizonwireless. com/landingpages/more-everything #how -it-works

RESIDENTIAL BUSINESS  WiRf Sel Locstion  Espaficl  Store Locator Contact s Sign in/Register Cant

i search verizanwireless com ,O

Shop Support My Verizon

The MORE Everything Plan®"

Our best plan on the network you can trust.

VIEW ALL THE DATA DPTIONS

and $15 a month per smartphone line.

o Ve il Sow S i g

Here's What You Get

Unlimited Talk & Text Flexible Data Packages A Rewarding Loyalty Program
Don't count minutes or worry about Share your data with up to 10 devices There are more ways to earn Smart
overages. and change it at any time. Rewards points on The MORE

Everything Plan.

25 GB Cloud Storage NFL* Mabile International Texting
Store photos, contacts and more with Watch football on the go with live local Send unlimited texts from the US to
the Verizon Cloud App. and primetime games. over 200 countries worldwide.

2 Steps to Building Your MORE Everything Plan

Step 1. Choose your shareable data.

Your monthly account access is the cost of your shared data with unlimited talk & text.

VOICE & DATA PRICING © DATA OLY PRICGING @

6 | B s | s | l4a | s

$40° : $50° salr s70° : $80° $90°

“Menthly Account Access
Iy < >

What you can do with 18 &8

B 30 streaming videa ar 1 2,000 hrs turn-by-turn navigation or & 30,000 webpages or & 130,000 emails

All statistics based on avetage usage anc file sizes
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More Everything Plan - Verizon Wireless hittp fwww. verizonwireless. com/landingpages/more-everything #how -it-works

Step 2. Connect your devices.

Your monthly line access is the cost for each device that is permitted to use the service allowances included in your plan.

Smaris

sy

Your monthly line access cost varies depending on how you choose to pay for your device.

: MONTHLY DEVICE PAYMENT
2-YEAR CONTRACT FULL PRICE OR BRING YOUR OWN

SEE HOW DEVICE PAYMENT WORKS WITH THE MORE SVERYTHING PLAN >

All Data Allowances Shared Data 6 GB & Up Shared Data 4 GB & Under

40 | 15 25
mo. mo. mo.
line access per smartphone. line access per smartphone, line access per smartphane.

$10 ma. $20 i3

fne access per device line access per cevice

Nne access per cevice

Start Shopping with The MORE Everything Plan

Shop for Devices

Choose the devices you want on your plan.

Bring Your Own Device

Already have a device? Activate it today,

[ Activate Your Device ]

Frequently Asked Questions

READ FAQS >

Connectwith us

© 2015 Verlzon Wireless -.

By ertenng your smad acdress and subamitting this form, you agres to

Teoaning offars and > q Venzon Wireless
produsts and services. You asknowlecpe being ot least 13 years af age.
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More Bverything Plan - Verizon Wireless hitp:/fwww. verizonwireless com/landingpages/more-evervihing #how -it-works

Verizon Wireless Phones & Devices BrandsiOS Plans, Deals & More Service & Support
Explare Verizen Smariphores Apple Cell Phone Plars Verizon Wireless Cammunity
Shop Tablets BlackBermry Ceals & Special Offers 4G LTE Network & Coverage
My Verizon Mobile Hotspots Droid Free Phores View Moblle Site
Support Accessories HTC Certified Pre-Owned Wireless Workshops
MNews Center iPad Prepaid Verizan Video Gallery
Esparal iPhone in-Store Pickup Register Sigral Booster
Kyocera Employee Discounts Report A Security Issue
LG Military & Veterans Discounts Order Status
Matorela Device Recycling Pregram
Nokia Referral Rewards Program
Samsung international Stucert Program
Sony
Andreid
Windows

Site Map | About Us | Careers | Comperate Responsiblity | Hopeline | Verizon Innovation Pragram | Privacy | Legal Metices | Customer Agreement | Brachures
Important Wireless Issues | Radio Frequency Emissions | Avaid Potential Hearng Loss | Drve Responsibly | Website Use | Return Pelicy | Accessibility
My Verizon Terms & Conditions | Device Payment Terms & Conditions | Cortact Sales | Lfeline/link-Up | About Our Ads
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Network hutp, fexplore.t-mobile.com/unlimited-prepaid-plans 002 =22020078&004= 1664216725780,

CONSUMER BUSINESS

Featured phones
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Prepaid Phones & Plans with Unlimited Data on the T-Mobile 4G LTE Network hitp. //explore t-mobile.com/unlimited -prepad- plans 002 =2202007&004= 1664216725740

. me M9

o Shopalltablets &iptemetdovices

« Brng vour own tablet

Featured devices

. 20
F 4
i
¥
H
, -
» e — e
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Netwark hup lexplore.t-mobile.com/unlimited-prepaid-plansM02=2202007& 004= 16642167257 &0, .

L hm_} a” ACCCSSONEs

Most popular categories
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Network hutp, fexplore.t-mobile.com/unlimited-prepaid-plans 002 =22020078&004= 1664216725780,

. We le Teg

* Shop all phong deals

o Shop all tablet and device deals

= Shop all centified pre-owned devices
o Shop all bundie deals

o Shopall accessory deals

WEB & TELESALES ONLY

SUMMER SHOCKER
Two days. One extreme discount.

Use promo code SAVEBIG.
Call telesales at 1-877-362-6635 or shop online!

o Dlaps

. [n_;ji\-‘njlm] plags
o Family plans
= Mobile Internet plans
= Prepaid plans
Now get three countries for the price of one.

Unlimited calls and text to and from the 11.S., Mexico, and Canada to any phone-plus 4G LTE data-just like at home.

Learn more

Device, network, and coverage impact experience and speeds, which vary.
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Network hitp {lexplore. t-mobile.comumlimited- prepaid-plans Y02 =2202007&004=166421672574&0..

AND THE U.S.

AMERICAS
FASTEST

=

Check coverage

@il addivens

Flease enter a valid address
The map cannot display this address, Try again.

Learn about our coverase

Expand your coverage to Mexico and Canada at no extra charge

Check

it out

An expanded network

o Why hobile

o Network

- ifnn]';q!u
o Simple Choeice Plan
o Music Freedom

o [lata Stash

Trapped by contracts and phone payments?
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Network hutp, fexplore.t-mobile.com/unlimited-prepaid-plans 002 =22020078&004= 1664216725780,

Stuck with your current carrier? T-Mobile can set you free. We'll pay off your phones or tablets with a trade-in credit and Visa® Prepaid Card when
you trade them in—every last cent. Stuck in annual service contracts? We've got those covered, too. So why wait? Ditch your carrier and their
switching fee today, See requirements,

o Designed Data Strone

e ey,

Get the Data Strong™ network

With T-Mobile, you'll experience more data capacity than any other major national carrier. And only T-Mobile offers unlimited 4G LTE data on the
fastest nationwide 4G LTE network.

Learn more

Fastest LTE Network: Based on download speeds. Capacity Claim Basis: congestion experienced; per customer,

DATASTRONG

Find closest store

femer L Srare or B < Dind Storgs Enter City and State, or Zip Code

Sorry. We were not able to find any T-Mobile stores near that ZIP code.

Invalid Country

Please enter a city, stale, or zip code.

3

Set this location as the default one
s I ! :

yeation as the defaght o

This has been set as your location,
o5

Search iy
Login BACK TO MY 11

o Payomy bill
o Adda new line
s Upgrade my phone
e o 1 BEIVICES

Gt support

Store Locator My T-Mobile Payv oy bill Add anew line Uperade my phone Change plan o services Get support Phones Tablets & Devices
obile Network Coverage

Accessories Deals Bring Your Own Phone Plans Why T-M
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Network hutp, fexplore.t-mobile.com/unlimited-prepaid-plans 002 =22020078&004= 1664216725780,

We’re breaking the rules
of prepaid.

T-Mobile changed everything you know about wireless. Now, from plans to phones to how you pay—were flipping the seript on prepaid.

Why would yon settle for second-rate prepaid wireless?

Say goodbye to slow data speeds, spoity networks, and second-rate phones. T-Mobile 1s bringing the best in wireless to prepaid.

Introducing Simply Prepaid™ from T-Mobile. 4G LTE data and unlimited talk and text for just 540 per month. Choose from three great plans:
o 540/ month for unlimited data, talk, and text on our network + up to 1GB of 4G ITE
s 550 / month for unlimited data, talk, and text on our network + up to 3GB of 4G LTE

o 560/ month for unlimited data, talk, and text on our network + up to 5GB of 4G LTE

Plus, get loads of great services like Wi-Fi Calling, in-flight texting, and visual voicemail. And thanks to unlimited data, data overage fees are a thing
of the past!

So stop settling and switch to a better prepaid experience.

T

iz Ficite
*Rate plan max speed of 8 Mbps; upon reaching data limits, speeds slowed to up to 128 Kbps.

With Smartphone Equality™, another rule bites the dust

We believe everyone deserves a great smartphone. And Smartphone Equality is the proof. It starts with making 12 months ol on-time payments and
ends with a cool new smartphone for you at our lowest up-front price, And as for eredit checks, no need to worry, After 12 months, we have
something better than a credit score: history,

Smartphone Equality couldn’t be simpler:

1. Make 12 months of on-time payments in a row.
2. Giet your next smartphone at our best up-front price like nothing down.

That's it. At T-Mobile, we've already helped you break free from limits, data overages, and annual service contracts. With Smartphone Equality,
we're clearing the path to your next new smartphone.

Shop prepaid

*If you finance your device and cancel wireless service, remaining balance on device becomes due. Availability & amount of financing subject to
credit approval or consecutive on-time payment history. Must switch to & remain on qualifying service 1o finance device.

With SCORE!™, why pay full price for your smartphone?
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Prepaid Phones & Plans with Unlimited Data on the T-Mobile 4G LTE Netwark hitp {lexplore. t-mobile.comumlimited- prepaid-plans Y02 =2202007&004=166421672574&0..
What once was closed to many is now open: killer upgrades to some of the hottest smartphones no matter il you prepaid, brought your last device
over to T-Mobile, or bought your phone outright.
For 55 per month, here’s the deal:
After 6 months, upgrade at no additional cost to an entry-level 4G smartphone.
OR
After 12 months, get exclusive pricing on our hottest 4G LI'E smartphones—like the Samsung Galaxy 85,
At T-Mobile, it"s you that matters, not how you pay.
Get started by shopping prepaid phones and adding SCORE! when you activate or by logging in to My T-Mobile and adding SCORE!

*C‘ITcr: may var} dcvlcc availability & pricing subject to change. See ligt for current sample pricing. For full terms, see www i-

The Data Strong™ difference

Today’s communication is built around data—downloading, streaming, surfing, video chatting, and more. That’s why we designed our network
differently: for data. With T-Mobile, you'll experience more data capacity per customer than with AT&T and Verizon

s mor:
Devices you’ll love at prices you’ll love even more

Prepaid customers can now choose from a selection of feature-rich 4G smartphones right for any budget. And with several devices available for under
£100, the news couldn’t be better.

The LG 190 shown is $99.84,

Capable device required for LTE speeds. Limited-time offers; subject to change. Taxes and fees additional. Unlimited talk & text features for direct
US communications between 2 people. Simply Prepaid Monthly Service: Features available until 30th day; if sufficient balance, services
automatically renew at expiration. If balance is insufficient to renew for 120 days, account will be suspended for 30 days. If you have a balance, your
plan will convert to Pay As You Go for 30-day increments with $3/mo. for 30 voice min./SMS messages. After vour balance is depleted, then account
is suspended. Service Changes or Renewals: When you switch between plan options or renew a monthly plan, features or credits associated with
your prior plan option will no longer be available, and you are not able to switch back to some plan options. Some plan options will not allow early
renewal. General Terms: 515 SIM starter kit may be required. Sufficient balance required to use service. Domestic use only; additional charges apply
for international use, where available. Partial megabytes rounded up. Full speeds available up to data allotment, incloding tethering, with a maximum
speed of 8Mbps; then slowed 1o up to 2G speeds for balance of service period. Centain uses, e.g., some speed test apps, may count against high-speed
data allotment or have speeds reduced after allotment reached. Data roaming only available for the $40, 550, and $60 monthly plan options. Roaming
and on-network data allotments differ; see your selected service for details. Some plan options do not permit vse of features after meluded amounts
are depleted. I you transfer your number to another carrier, account will be deactivated and no service will be available, Devices sold for use on
T-Mobile prepaid service are to be activated on that service, not transferred for resale, modification, or export. SCORE!: Prices available to current
T-Mobile customers enrolled in program. (]ffcrs. |nc|udmu device pricing and availability, subject to change. Qualifying plan required; Pay as You Go
and Pay by the Day not eligible. See s 3 dgerms for details. Smartphone Equality: Min. 12 mo. on-time or consecutive
payments, financed device, and qualifying plan rcqmrcd Lapm:ll\ Claim: congestion experienced; per customer. Coverage not available in some
arcas, Network Management: Service may be slowed, suspended, terminated, or restricted for misuse, abnormal use, interference with our
network or ability to provide quality service to other users, or significant roaming. LT'E 15 a trademark of ETSL

Contact Us

Contact information
Check order statas

Yiew retom policy

Ciet a rebate

Find a slore

Support

Support home
Ougstions aboot vour bili

Plans & services
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Prepaid Phones & Flans with Unlimited Data on the T-Mobile 4G LTE Network

Active e - i vig
Refill vour Prepaid account
Intemational rates

T-Mobile

Business

hup.//explore.t-mobile.com/unlimited-prepaid-plansM02=2202007&004=16642167257&0. .

©@2002-2015 T-MOBILE USA, INC.

Espanol

o ABOUT
o INVESTOR RELATIONS
» PRESS

o JOBS

o DEUTSCHE TELEROM

o PRIVACY POLICY

o INTEREST-BASED ADS

. SACTY & SECTIRITY
o CONSEMER INFORMATION
” : S 7

-
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sprint.com/allin or 800-SPRINT-1
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up to $2.50 Admin. & 40¢ Req./lina/mao. & feas by area [approx. 5-20%}]. Surcharges ara not taxes. Sas sprint.com/taxesandfass.
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Sprint
Sprint has the best family plan.

Switch to Sprint and get 4 lines w/ unlimited talk, text and 10GB of high-speed data
to share for only $100/mo. after we waive the access charges.
That's more than double the data of T Mobile. And to get this much data, you'd have to pay $40 more a month at

Verizon and 860 more a month at AT&T. All on the Sprint network. Need more data? For just $20/mo. more, you
can quadruple your data — that's 40GB to sharel

c'.\

o Q «
IVERRN R
-l.”duj‘ Hll} ﬂllr e U \IF

T-Maknie's unlimited Simple Choice customers Bre sliowad up o 26 spe wfter 2 5CH/line. Comparning to widealy
sivartised lamily plang: other lingforice cptions avallable. Competitor plans mey include int text/dets lesturay, dets
ry over, tethering end cloud optiond. See cerrer webaites Tor detsils.

Stuck with your carrier? Not anymore. Hurry — this is a limited time offer! Go to the nearest

Sprift will pay off your old phone and contract 5o you can store, visit sprint.com/familyshare, or call 800-SPRINT-1.

switch. It's that easy. Via American Express” Reward Card after Switch Lo Sprint now on Easy Pay o |easing option, and we'll cover your swilehing fees via
online registration and current phone turn in. amEitarbipra Reyeid L ey,

For uprta 4 total devices on Sprint Family Share Pack with 10GE or 206B shared datafma Customers can
activate up to 10 ines Lines 510 carny additional data access charges Requires devices be acnuired via
Switch o S-r.mr.\t. c,haQsc a Spnnthlnm ly Share Pack with 10GB or 4008 of data, and acquire Sprint Easy Pay, leasing option, by paying full MSRP or bring your cwn device Phones recuare number
:‘:}‘r‘,'m”;;:"“:;:J:“f&:‘;k“‘m‘.‘;: i ;:_'; 2.".‘;".,‘2 'm“‘.“_z”'m'it':"llhl’:f:‘:;‘:'xf:r’; 'f: ;{ﬂ‘l‘.""‘“:‘:l':' swilch to Sprint, TabletsMBBS regquire new line of service. Reguines one active phone line per acoounl.
on aSprint Family Shars Pack plan with 10GE or 40GE of data. Al pricing and data aliowances above are per month.™ Reguires registration at speintcomfolnsgrint
Restrictions spply. See (n-store for more detall

y laaca pay lude taxas (varies by area). Monthly charges exclude taxes and Sprint Surchargae [incl. USF charga of up to 171% (varies quarterly), up to $2.50 Admin. and 40¢
Reg./lina/mao. and faas by araa B-20%]11. ara not taxas. 3aa sprint.com/taxasandfaas.

Limitad Time Offar. Activ. Faa: $36/|ine Cradit approval raquired. Up ta 4 lines for |ust §1000month Family Shara Pack: Mo discounts apply 1o access charges, Inaludes unlimited domestic Long Distanoe
calling and texting. Pata allowance Includes 1GE, 2GR, 4GE, 8GR, 10GE, 406B or 60GE of sharad on-netwaork data usage depending on selection and 100ME off-netwol ata usage. Add'l cn-network data usage:

VB, AT O nebwor b clista Tor lablets/MBB:: 2Eg/MB. Il Conllictling share data allowanoees are ounl. the majority on scceunt or most recent change may be appiicd for all lines. Mobile Hotspot
ae pulls from your data allowances, Third-party content/fdownloads are add'l charge, Int' ed Max of 10 phone/tablet/MBB lines. Mobile Broadband devices excludes Laptops and notebook
computers Accass Charga Waivar: Offer is for a imited time. Charges walved for up to 4 total devices, All phone lines must be ported from an active wireless ling at anothar carrier and remain active and In
good standing. Devices must be acquired with Sprint Easy Pay. Ieasnng cption. by paying full MSRP or by bringing your own compatible device. Excludes 11 Corporate-lisble. upgrades, replacements and ports
made between Sprint entities o providers UL,lolLJth Sprint (e, Virgin Mobile USA, Boost Mobile and Assurance). May ol be combinable with other otlers, High speed dats (s 3646, Usage Limitstions: 1o
Iimprove hita experience for the majority o 5, throughput may br_ lirmi tecd, wairded) o reduced on the network, Sgrint may teeminate secvicoe i1 offnetwork roaming usage in a month exceeds: (1) 800 min, or
majority of min . or () 100Mn aF & majol of K. P\'ohlhl‘tﬁri netwark use rules apply—see aprint comftermasndaonditions. Sprint Easy Pavu Ren. 24-mo installment agraement, 0% APR, ﬂnd quatifying dsulrp %n'l
ondavica due. Phona Lease Agreaamant: Croedil approval rog. s for all other custormoen s wil
5, uullly[llg device & service p|dr| Mo equipment _,LLurle deposil required. Upon completion of fease term, customer can continue Lo pay monthly lease @ ]
Clstamer |5 rprr sibile for § rance and '9rn|rr Early tar fearvica: Remaining leasa payments will be due immediately, and reguires device return or payment of purchaze option dévice price
In leaze. Contract Buy Out Offer: Consumer. SDF and CL lines purchaslng & new device with: Sprint Easy Pay. Sprint Lease. [Phone for Life Plan, at full MSRP. or Certified Pre-Owned and porting the new line on a
service plan. Amourt based on LTF [early termination fee) charged or remaining baiance on (Nstall-biil device (gxcludes prepalid devices). All lInes must be ported from an active wireless line at another carrier and
remain active and in good standing 1o receive the Armencan Express Reward Cood, Reguires you turn in your current competiton phone associated with the instaliment tdiing balance or ETF submitted 1o Sorint,
Impartant; fyou da nat turn in the correct device in good warking arder ([ e the phone poweras on, the soreen s intact, and there are no broken, mi ., or cracked pleces. Apple phanes must have the activation
lock dizabled), you will ba charged up to the amount of the Rewsrd Card provided to you You must register and submit your final bill shewing yeur ETF or inztallment balance within 80 days of switching 1o Sprint
Allew approxdmately 15 days Tor your Beword Card Lo arrive after your registration has been approved. Register at sprinl.comfjoinsprint, Exclodes 100+ Corporate- lable, uporades, replacements and ports made
batwesn Sprint entities or providers associated with Sprint [Le, Virgin Mabille USA, Boost Mobile, and Assurance). Raward Card: Tarms and conditions apply to Reward Cards. Ses Cardnolder Agreement or visit
www americanexpress com/sprint for detalls Subject toap ble law, a $3 00 rmaonthly service fee applies heginning in the seventh month after Card issuance Card is issued by American Express Prepald Card
Management Corporation. American Express (8 not the sponsor of this promotion. Other Terms: Offers gnd coverage not available everywhere or for all phones/networks. See sprint.com/coverage tor details.
May not ke combined with other offers. There 15 no minimum term applied on the Sprint Family Share Pack, but the Service Agreement applies and automatically continues on a month tee-month basis unless you
contactus to inform us of any changes, mcludmg cancellation. There may be a minimum annual term apphied or cantinued baged on a discounted device purchace. Restrictions apply, See store or sprint.oom for
rh:-mlzr? 201! 'éE‘r!Ich"J{IJEgH {Fﬁv?d rE_um ar? IE’!E Sprint logo are trademarks of Sprint. Other marka are the property of their respective ownera
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Muobile brosdband with HSEA and LTL

Suppt. Dact. Bx. 22

capacty and cosl sspects

The latest generation of smart

devices and USB data modems for
mobkile computers has created
explosive growth in network data
tratfic. in particular, mobile broadband
via High Speed Packet Access (HSPA)
has led to a significant rise in the
number of subscribers and the amourt
of data they use. The volume of data
traffic carned by cellular networks has
already exceeded that of voice traffic.

However, managing the ongoing
growth of data traffic 1 a signiticant
challenge for communications
service providers (CSPs) who need
to undertake careful planning of the
network structure to achieve the
performance that data services
demand.

I his paper analyzes the maximum
radio capacity of mobile broadband
solutions from the viewpaint of traffic
qualty vs. traffic distnibution over time
and location. It suggests that user
data rates can be improved by adding
macro sites in hot spots, deploying
six seclor sites and implementing
quality of service differentiation,

Secondly, the paper gives a high level
view of the cosl of mobile broadband
services, taking into consideration the
volume of data traffic per user and

the number of active data subscribers
per site. The key finding is that monthly
network Capital Expenditure (CAPEX)
and Operational Expenditure (OPEX)
can be kept below 3 EUR per
subscriber over an eight-year
depreciation period. This is true if the
average mobile broadband peretration
15 at least 00 subscribers per site,
and it subscnbers use less than 2 GB
per month.




I his section uses typical traffic
distribution assumptions from live
networks to estimate the maximum
network capacity with HSPA and Long
lerm Evolution (LI E), The intertion s
to derive an approximate value for the
maximum number of subscribers that
can be supported by a specific base
station site density with given
spectrum resources. Figure 1
illustrates the estimation process.

High Speed Downlink Packet Access
(HSDPA) terminals send a Channel
Quality Incication (CQ) to the base
station every few milliseconds when
they are sending or receiving data. The
CQI Indicates the maximum possible
cata rate that the terminal can receive
with an error rate of less than 10%
COi reports are used mainly for link
adaptation and for packet scheduling
algorithims, but they can alse be used
to estimate the maximum air interface
capacity for netwark dimensioning.

Figure 2 shows an example CGH
distribution over the whole network.
For reference, CQ 15 comrssponds to
approximately 2 2 Mbps, CQi 20 to
4.8 Mbps and COI 25 1o 8 3 Mbps of
HELDPA throughput. 1These throughputs
assume that the cell 1s carrying only
HEDPA traffic and no WCDMA
Releass 99 traffic. | he median CGH
value in Figure 2 is 21, which
corresponds to 9.7 Mbps throughput.

System level packet scheduling gains
can increase cell throughput slightiy,
so in this example we assume 6 Mbps
average cell throughput, which means
6 Mbps per S5 MHz carrier per secior in
HSFA The CQl values are affected by
network planning, by the leve| of

Roelier Suppl. Decl. Bx.22

Figure 1 Estimation of the maximum number of supported subscribers in fhe network

- S Probability density
e e Curnulative density

Figure 2. Examples GO digtnbubon

other-cell interferance and by the
performance of the terminal recevers,
For LTE, we assume 35 Mbps cell
throughput for 20 MHz bandwidth
which corresponds to 0% higher
spectral efficiency than with HEPA.

Molule brogdband with HSPA and LTE - capacily snd cosi aspects



A margin in network dimensioning in
the busy hour needs to be reserved in
order to guaraniee low delays and
reasonably good data rates. Inthis
example, a maximum 0% loading of
the CGil values over the busy hour is
assumed, which leads to an average
busy hour throughput of 6 Mbps x
50% = 3 Mbps per cell in HSPA and
17.5 Mbps per cell in LTE 20 Miz.

I he 50% margin 15 not constart but
depends on the targeted user data
rates ancl on the applications.

If backaround download applications
are mainly being used, the busy hour
loading could be more than 2 Mbps.

Traffic is never equally distributed
between sites. In a network, several
sites will provide coverage, but will
not be fully lcaded. Figure 3 iliustrates
an example traffic disiribution during
the busy hour inwhich 50% of the
traffic is caried by 15% of the cells,
In estimating the maximum network
capacity, this paper always assurmes
that it is those 15% of the cells that
become congested and limit the total
capacily, At the same time, 85% of
cells are not congested.

Network capacity could be improved
by adding cell sites io the congested
areas. The traffic distribution depends
on the network depioyment, country
geography and number of users.
Typically, more users lead to a
more equal traffic distribution
between sites,

Traffic is also not equally
distributed over a 24 hour period.
T'he busy hour in data networks s
typically in the evening, bul data traffic
is also generated during the night.
Figure 4 shows an exampie traftic
distribution in which the busy hour

carries 7% of the network's daily iraffic.

Figure 3 Example lesthe distnbubon between cells

Figure 4. Exampls traffic distribution over a 24-hour period

] Mobile brosdband with HEFA and LTL - capacily sand cosl aspeets
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Figure 5 shows typicai European
spectrum resources. HSPA 15
deployed at 2100 and S00 while LTE is
used at 2600, 1800 and 800, The lotal
i con amount of spectrum s assumed to be
2 x 7 MHz paired spectrum per CSP.

Now, let's make an example capacity
caicutation with 10,000 and 20,200
base station sites, each with three
sectors. Such a network would be
typical of a large European couniry.

It is assumed that each subscriber
consumes an average of 5 GB of data
per month in the downlink and uplink
together, which is more than a typical
user on an HSPA network today.

Figure 5. Assumed speclrum resowoes

The capacity is assumecd to be
downlink limited, while uplink use is
assumed to be 30% of downlink use,

This corresponds to 3.8 GB of part (1%) of the fotal traffic, but voice
downlink data and 1.2 GB of uplink requires strict Quality of Service
data. For refererce, typical voice use assurance to provice low delay and
15 300 minutes per month, which low error rate.

corresponds to 36 MB of data in the

cownlink with 16 kbps equivalent data I'he maximum number of subscnbers

rate. Therefore, voice will be a minor is estimated by ihe following equation:

Pl

Mobile broadband with HSEA and LT L - capacily snd cosl aspeots
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Figure & shows the resulis. With
10,000 sites, the radio network can
support up to & million data subscribers
with HSPA and up to 22 million data
subscribers with HSPA and L1 E,

With 20,00C sites, the capacities
would be 10 million HSPA subscribers
and 45 mithon with HSPA and LIE.
Typically, existing networks with 10,000
sites have of the order of 20 million
voice subscribers, while networks

with 26,000 sites have 40 mitiion
subscribers, | hese calculations
inchicate that HSPA and L1k radio
networks with typical spectrum
allocation can provide 2 GB of data for
all existing volce subscribers,

|

Figure & Maximum numier of Broadband subscribers, each
Another way to calculate capacity 15 to consuming 5 GEmonth {using spectrurm allacation from Figuie 5)
consider user data rales. Let's aim for
a minimum of 1 Mbps user data rate.
A so-called overbooking factor can be
used to take into account the fact that
only a small propoertion of users will
typically be downloading data at the
same time. 3.8 GB of downlink dala
per month with /% busy hour share
corresponds to 20 kbps average data
rate per subscriber during the busy
hour, which s egual 1o an overbooking
factor of 1 Mbps/20 kbps = 50

User expectations for data rates have zeto-foolprint and are fully macio network to small cells like
depend on the market, as well as the at e iC1i mivcells | =
apphication and terminal being used.
Markets with fugh wireline breadband
penetration tend to have higher
expectations for mobile broadband
data rates, while users In markets with
poor wireline broadband availability
may be happy with lower data rates
Therefore, the dmensioning rules
need to be adapted to market
conchitions,

WMobile brosdband with HSPEA and UTE - capaoly snd cosl aspeots

Roelier Suppl. Degl. B 22



I his section estimates the cost of
mobile broadband capacity and uses
the following assumptions:

H8PA and LTE radios are
consicdered with mirkmum
configuration of HSRPA 14141 {5 MHz)
and maximum configuration of
HSPA 4+4+4 @ 500 (S MHz) and
2100 (15 MHZ), and LTES+343 @
800 (10 MHz), 1800 (15 MH2z) and
2800 (20 MHz).

The network CAPEX ranges from
40,000 to 400,000 EUR per site
depending on the configuration.

Fhe mirimum CAPEX corresponds
to HSPA 1+1+1 contiguration, while
the maximum CAPEX corresponds
1o HSPA d+4+d and LT & 3+3+3
carfigurations. The CAPEX per site
is assurned to be linear with the site

capacity.
CAPEX depreciation occurs over
8 years,

ITe annual OPEX ranges from
8,000 to 80,000 EUR per site,
depending on the configuration,
including backhaul, site rental,
power consumption and racio
network software and hardware
maintenance. | he OPEX s clearly
tigher than CAPEX depreciation,
and thersfore, it is essential to
minimize network OPEX.

We assume that 100% of OPEX s
aliccated for data but, in practice,
part of the OPEX could also be
aliocated to voice traffic because
the base station sites also provide
the voice network. This would make
the data cost lower than that shown
inthe caicuiations n this paper
Site configuration 1s selected
according to traffic requirements,
Here, the same traffic distribution
as In capacity calculations is
assumed, in which 15% of the cells
carry 50% of the traffic,



Figure ¥ shows the cost per subscriber
as a function of subscriber densily per
base station site. Figure & shows cost
per gigabyte as a funclion of mobile
broadband penetration,

Subscriber density is the average
value over the whole network. If the
average number is, for example,

200 subscribers per site, there will be
sites in the network supporting
1,000--2,000 subscribers, while many
sites will provide mainly coverage fora
few subscribers. Figurs € assumes
that there are, on average, 2 0G0 voice
subscribers per site.

The CAPEX + OPEX per subscriber
are relatively high when the subscriber
density is low. The cost reduces

when there are more subscribers
sharing the costs. With at least H0C
subscribers per site each using less
than 2 GB/moenth, the monthly CAPEX
+ OPEX will be below 2 EUR per
subscriber. If the average data usage
can be kept less than 2 GB and the
subscriber density 1s very high, itis
possible to push the monthly CAPEX
+ OPEX below 2 EUR. ITthe site
rertal and backhaul costs are partly
allocated to voice, then the monthiy
CAPEX + OPEX for broadband data
will be even lower.

I he cost of delvering a GB of data is
highly dependent on the network
utitization. If total data use 1s high,
either due to a high number of
subscribers or to high use per
subscnber, the cost per GB can be
below 1 EUR. Figure 8 shows that a
caost of less than 1 ELIR can be
cbtained with 40% mobile broadband
penetration and 2 GB/sub/month.

EURSUb/ont

2 10 GRisubimanty
@ S Ghifsubimonth
8 2 eBisubimornth
88 1 GBmubimonth

Figure / Metwork CAPEX + OFE X per sub per monihy

-
8 10 GREUEMONN e :
ﬁ 4 Gidsubimonth

8 2 ersubimonth
8 ¢ cBauimonth T =

Figurs £ Network GAFEX + UFEX per gigabyte of data
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Afew notes on the cost calculations:

= {he mostimpartant factor in the
cost calculations is netwoik OFPEX
because it is typically higher than
CAPEX The largest contributors to
OREX are backhaul transgort, site
rental, network maintenance and
electricity. Cther OPEX faclors, like
customer acquisition and
marketing, are not considered here.

+ liis essential to minimize OPEX by
using efficient Ethernet trarsport,
for exampie Ethernet based
microwave radio, fiber or DSL,
and by re-using existing base
station sites.

* The mobile broadband cost
depends on how the site and
transport costs are shared between
voice and broadband data.

» The relationship between cost and
traffic per subscriber is not linear.

If the traffic per subscriber grows
ten-foid, the cost will increase only
two- to three-fold. This is because
the radio networks must atways
provide basic coverage evenin low
traffic areas. When the traffic
increases, the low traffic areas do
not need capacity upgrades.
Furthermore, many cost elements
in the high traffic areas remain
similar or grow only moderately
with traffic volumes. Such costs
include site rental and backhauling
costs. In other words, high data
penetration and high data usage
leads to lower cost per GB.
Therefore, CSPs with a large
market share will beneiil fiom
economies of scale.

Roelier Suppl Dedl. Bx. 22

LTE with new spectrum allecations
Is efficient for carrying higher
traffic volumes. The benefit of LTE
becomes clear when H3PA
spectrum has already been fully
utilized and further HSPA capacity
would reguire new and costly base
station siles.

Sufficiently high LTE terminal
penetration is neaded to offload
traffic from HSPAto LTE. If LTE
terminal penetration is low, it may
he more cost effective to upgrade
the capacity of the existing HEPA
network thanto deploy an Ll k&
network.

Small femtocells can provide a
significant capacity offload from
the macro network, if marketa
users with appropriate use pa
Macro cell traffic can also be
offloaded to WLAN (VWiFi) net

th HSEA and LTE - capaocily and cosl aspecls
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Published on FierceWireless (http://www.fiercewireless.com)

Report: U.S. consumers
swallowed 2.5 GB/month of
cellular data in Q1 on average

May 19, 2015 | By Phil Goldstein

U.S. consumers on average chewed through around 2.5 GB of
cellular data per month 1n the [irst quarter, according to industry
analyst Chetan Sharma, up [rom an average of 2 GB per month at
the end of 2014.

"In the U.S., 1t took roughly 20 years to reach the 1 GB/user/month
mark," Sharma wrote in a research report. "However, the second
GB mark has been reached in less than four quarters. An entire
year's worth of mobile data traffic in 2007 is now reached in less
than 75 hours."

Sharma's figures are roughly in line with those [rom Cisco
Systems. In its latest Visual Networking Index Global Mobile Data
Traffic I'orecast report, which was released in I'ebruary, Cisco
found that in 2014, consumers in North America used on average
1.89 GB of mobile data per month in 2014. Cisco thinks that figure
will surge ahead to a little more than 11 GB on average in 2019.

According to Sharma, data made up 62 percent of all wireless
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carrier service revenues in the U.S. in the [irst quarter, up [rom 60
percent in the fourth quarter of 2014 and around 50 percent in the
year-ago period.

Data usage is clearly increasing, both in the U.S. and other markets
around the world, but more and more consumers are likely going to
be offloading that traffic to Wi-Fi networks, according to a new
report from Juniper Research.

The research [irm reported that mobile data traffic will reach
nearly 197,000 petabytes by 2019, equivalent to over 10 billion
Blu-ray movies. However, the research firm found that only 41
percent of the data generated by smartphones, tablets and feature
phones will be carried over cellular networks by 2019, with the
majority of mobile data traftfic offloaded to Wi-I'1 networks.

"Certainly, video i1s forming an ever-greater proportion of network
traffic. For example, Juniper Research anticipates that video traflic
over smartphones will increase by nearly 8 times between 2014
and 2019", Juniper Research analyst Nitin Bhas said in a
stalement.

Video currently accounts for around 60 percent of global IP traffic
and, in some developed markets, this proportion is likely to exceed
70 percent in two to three years. In 2014, data traflic generated by
smartphones, feature phones and tablets 1n the I'ar East and China
exceeded that of North America for the first time, Juniper reported.

IFor more:- see this Chetan Sharma teport- see this Juniper
Research geigaseRelated Articles: Verizon criticized for posting
blog that suggesis customers do not want or need unlimifed
dataPew: 64% of American adults have a smartphone, and 10%
rely on it for thew broadband connectionReport: LTE doives up
mobile data consumptionfiricsson: Facebook, YouTube, Netilix,
fnstagram and Spapchat make up 61% of LS. mobile app
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trafficCisco: N, American mobile users to each consume around 11
B per month by 2019

Source URL: http://www.[iercewireless.com/story/report-us-
consumers-swallowed-25-gbmonth-cellular-data-q 1-average/2015-
05-19
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HUFINOSS CRYE mobile broadband

Don’t worry — Mobile

broadband is profitable

Following the success of mobile breadband as a service, traffic shows explosive growth. But is it
profitable? Dimensioning networks and Sigering ot the viaht prige and packaging have worried
some operators. A cost-benafit analysis based on real eperater cases reveals that mobile

broadband is, i faey, very profitable,

$ RecenT REPORTS (from Yankee Group and
Heavy Reading) warn operators to be careful
of the traps 15!9); may face when c;l](:ufﬂ!ing
business cases. At the same time, an increas-
ing number of operators are betting heavily
on maobile broadband and positioning it as
an alternative Lo pst or cable. These opera-
tors are seeing tremendous subscriber
gruwth, rﬁ:l(.'hing [')-'pi(:;iﬂy 3 percent
as high as 5 percent — of the population after
wo or I'Hwt-.'r )’ﬁ'-lrﬁ t)l‘ol’ferir!g [h(" Sﬁrvi‘lﬁ

Ericsson, after more than two years of
research in close cooperation with 18
operators, has come to a clear conclusion:
Mabile broadband business cases show
high profit margins, even il the operator is
only a pure bit-pipe provider catering to
'l“:‘ 'll(:'(:‘(l.‘i ui’ Nlli].‘i(.'rﬂ)t'l's U.‘{i“g L‘i.'llTllJllt("lS.

Here is a snapshot of a cost-benefit anal-
YSiS I)ﬂsl‘d 0il ['k‘“l 'xlll(i f(}l'l:'cu!iilfd costs 'rl”d
revenues. (see graph 1)

This analysis is made as an investment
case, meaning that any costs that occurred
prior to the decision to launch mohile
broadband are considered to be sunk costs.
The result, even afler mlly a few vears and
with good but not aggressive growth,
shows margins in line with or above what
operators typically generate today. The
conclusion at this stage is that mobile
broadband provides a great addition to any
operator's business, and can match and
compete effectively with psi.

To substantiate this, we must look at
what costs a DsL operator may have. The
typical cost per subscriber per month for
the unbundling fee can vary by i 5-10
(plus equipment). It can go up to EUR 15-30
in a wholesale (hitstream) situation for fiber
and vDsi. For an operator owning the cop-
per lines (;mﬁuming all equipment is written
off}, the opex per subscriber per month
mnges from BUR 35 in urban areas and
rises to EUR 610 in rural areas, depending
on the quality of the copper network.

The comparable costs for mobile broad-
band are the network opex and capex.
Adding the cost for the sites, assuming
average traffic of 261 per subscriber per

EVEn

month, of which 8 percent at busy hour,
the network cost comes to around sus

1 5~2 pt‘l’ Su]'}sl:l'i!)t’.l’ i[! i .'GLIIJL]['})H” or
ruwal area it the network is reasonably well
utilized. In a network where the operator
already has sites available, from a 2G net-
work, and in an wban area with higher uti-
lization, the equivalent network cost per
subseriber is below gun 1.

How we caLcuLaTeD
To clarify our method, let’s start with a
cost analysis for just a radio base station.

Base stations account tor a substantial
part of an operator’s mobile broadband
costs, because of the large number
deployed. A typical radio base station
{NodeB) in an Hsea mobile network, offer-
ing 7.2Mbps, with a three-sector configu-
ration and a cell capacity of approximately
GMbps (324 Mbps totaling 12 Mbps), costs
up to Bun 4o.000. This investment is
depreciated over 5-10 years.

Muaost p{‘uph-_' look at mohile broadband
production cost in tevms of cost per giga-
byle (6B}, and sometimes as cost per sub-
scriber, as we did in the psL comparison.
Let's start with the GB cost to see what an
operator can get out of one NodeB. In this
caleulation we leave out site acquisition/
build, which is typically depreciated over
15—20 years and only has a small impact
on the result ¥ :ﬂl[mug}: il represents a l:;rg:f
nvestment. Some basic assumptions are:
¥ At 2 Mbps it is possible to download

approximately 30068 in a month {28

days). (1Mb = 125,000 bytes x 86,400

seconds per day.)

# Fach subscriber generates an average of

266 per month.

B r)eln'ecim ion is five vears.

¥ Cell capacity is 4Mbps {GRAKE?,
160)am, 10 Codes, and a soom suburban
cell. Result from Ericsson Radio Network

Planning Tool and measurements in

real-life networks.)

With a theoretical maximum of over
43,000G8 per year, the production cost

s4 FRaedber Sunpl. Decl. Bx 25



mobile broadband HESENSIS cags

using this site would be EUR 0.17 per GB or
EUR 0.34 per subscriber per month. Nao site
will ever be utilized to its theoretical maxi-
mum, but it could be used up to and above
s0 percent. Thus the cost per G lands at
£UR 0.34 and the cost per subscriber at
EUR 0.68 per month. Adding the site acqui-
sition/build into the equation with, for
L‘Xiil'l'lj]ll". & BUR 100,000 il]\"t'.'ii ment (I(‘.]‘l\.‘ o
ciated over 20 years results in around EUR
a.55 per Gu. A more loaded site with a 3x2
configuration brings this cost down to
around U 0.37 per GB. A shared 2G/3G
site with a 3x 2 configuration costs around
EUR 0.26 per Gi,

If we do the same type of calculation for
the equivalent of a NodeB in a psy. net-
“u'(.“'k. IHIITI{'])-’ II'I{' DSLAM, II'IL" ll‘.‘;[]i[ iS as
follows: Assuming a price of around eur
20000 and an existing site in a suburban
scenario with an average speed of around 8
l'lllll'ld EUR O0.27.

Mbps, the price per Gg
The opex related to maintaining the cop-
per lines will of course add to this cost and
adds another BUR ¢.25-0.30 if we assume
the cost to be shared with voice {(poTs) and
an average consumption of 10GE per
month.

Tratflic distribution in the networks Eric-
sson is monitoring (some 30 deployed
“['ﬂlll“i lI'lt‘. l\'(}!'lti) 5'1(’\\'.‘{ Ei"r” ()I'IIY  } {P\'\'

sites carry most of the traffic. A normal

N('t'l'l'ﬂri{) slu}w.' 'll'(}l]n(l 20 ITk’['(.'E']'Il l_’i. ti“"
sites carrying more than 50 percent of total
network traftic.

This means that most of the sites
deployed in a network, whether for voice
or broadband, can be considered “cover-
age” sites, The number of sites carrying
heavy traffic is even lower, perhups 5
percent for broadband. These sites will be
the first to require upgrading to “second
carrier” or higher modulation schemes to
provide better capacity. But they are usu-
ally the sites that provide the shortest pay-
back time.

Considering that cost per 6B is related to
I'Iﬂ\u\' l}lﬁ" 'I'Il!(l&’.'\' are llSt’l;, |I1l‘ li[l(‘l'&lTl!(".‘i
challenge is to make use of available free
capacity rather than risk congestion.

THE IMPORTANCE OF 5CALE
When subscriber numbers increase, both
traffic and revenue rise. (see graph 2) The
operator will eventually have to invest in
mare capacity, in the form of additional
carriers, each using sMHz of the wepma
spectrum. Each added carrier represents an
investment, Because these investments arve
driven by traffic from more subscribers,
there is, of course, a correlation to revenue.
That makes the ability to improve cost-

efficiency important; otherwise, margins
would slowly deteriorate as users demand
more capacity and tariffs are lowered.
Mecting this requirement is what the tech-
nical evolution is all about. Consider a
given site configuration, starting at
7.2M])p:: and going up to 21 Mhps using
useA Evolution, which adds a cost of
around 10-15 percent. At the same time,
capacity increase is around 70 percent.
Going to even higher speeds using dual
carriers and other features improves the
site’s efficiency.

Let’s look at a site with a cell radius of
goom using 10Mhz spectrum and Mmivo - B

[graph 1]
Praofitability of mobile broadband

Income statement

100% -
i Network DPEX Network CAPEX
B0% - BROGL - /
4

Network DPEX 47%

40% - 5% - .. Network CAPEX ..

8%
2[}5}‘" .........................................................
0%
Revenue Opex EBITDA DA EBIT
: Enesean Anshun; BNET Sxes Davalopman Mol

Assuming 4 percent of the population has been reached four years after launch, with an ARPU of EUR 20 using
wunlimited flat rate and average traffic per subscriber of 2GB per month, Al costs related to mobile broadband
areincluded in the case. The revenue baris asgregated revenue based on subsoribers tmes ARPU (EUR 20},
Non-network costs include terminal subsidies, marketing, care, and 15717, Network opexincludes
power consumption and support Tor related equipment. Capexincludes any expansions or additions required
1o support HSPA depreciated over 8 years for hardware and 3 years for software.

[graph 2]
Projected 30 percent YoY growth

Monthly usage per subscriber (GB}

4,50 EBITDA margin - (Normal) ——— 60%
"0 / il
= { &
3.50 - 5%
300 EBIT margin - (Nnrmal}_ 54%
2,50 R
52%
200
5%
1,50 %
1.00 — 48%
0.50 — __ 46%

Year 1 Year 2 Year 3 Year 4 Year §
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HUFINOSS CRYE mobile broadband

In the long run, unlimited flat rate with a fair-
use clause is potentially cheaper and more profita-
ble for the operator than bucket plans.

(2GB/month, 8 percent busy hour). It hasa
l.“i!&li]iiiiy (€53 I'I“I'liili.’ OVEer Juon Nuhﬁl—.l'ih\".rﬁ
at 5o percent load. That cell radius equals
approximately % km” and can be compared
to New York with arcund 25,000 people
per km®. Assuming an operator gets 30
percent of the total population, that equals
3,750 subscribers per site.

letf:\'f.‘ (-‘x;m'lp':?s 5]1('}\'\-’ Lll'l!)ir [h{' cost I'){:‘I'
B tor a NodeB. But if we look at the entire
Hsra network (reasonably well utilized,
with the cost of site acquisition and build
included), we see that all costs, including
the radio network controller (&ne) and the
core nodes sGSN and GosN, typi(:uily Tep-
resent a small part of the total cost per G,
The mobile backhaul and optical transmis-
sion in the core cost less than EUR 0.1 per
i compared to a 3x2 Nodelk at Bur 0.37
per GB. (see graph 1)

REAL-LIFE BUSINESS CASES
Simple calculations don't tell the full story
ol a real business, but they provide a good
indicator. Let's turn our focus to real-life
CHases, }Jllﬁt‘d o rl{'.‘i&"df(:!l il] (:()(}l?l:'f;]ii()n
with established operators from all parts of
the world.

Ericsson has developed a
(‘mnph—.‘L:.- end-to-end ',m:llyhiis, in(,'ll:(|ing all
aspects relevant to the business case. Even

[graph 31
HSPA network costs

Network costs are less than EUR 1,0 per GB
New sites including site acquisition and build

7.2 Mb/s - 32
0% Utilization
Lititization

. 80%
au% Utilization S

tool to make a

{: i Seh Yeay ;

?; 80% Unilization

B0% Utilization

LBADIO_  BACKHAUL CONTROUER TRANSPORT PACKET ~— TOTAL
carex{ 137 258 ol ooy cion bof won wen b oo ene el paees = {osvune }
opeX { s /an b ot ens ol aovoan M camoan M asens s {aarens
Shared
with 26

sum { 892808 |

Note: Well utilized network, fully allocated costs — new site
100,000 € for passive part, 20 years depreciation

voice and sms traffic, though not pare of
muobile broadband, should be considered
because they affect overall network dimen-
sions. Mobile broadband must share net-
work capacity with other services, espe-
cially the radio bearer, and voice in partic-
ular. All operators in our research have a
3G network covering 4o—70 percent of
their respective populations.

We have noticed that operators often
struggle with their own calculations
because of difficulties in identifving or
allocating costs that are strictly related to
maobile broadband.

In our work to produce real business case
examples, we have proceeded as follows:

Analysis is based on existing traffic pat-
terns and forecasts, creating a scenario for
the next five years. The traftic and sub-
scriber growth scenario determines the
capacity required in all nodes including
radio and backhaul, and thus drives cost
over the five-year scenario. The case
includes all non-network eosts, such as
handset subsidies, marketing, and cus-
Loiner Care, All I"'I['lgll |T'|'.ll'kl‘_'{ i IIg COsEs, tor
example, may be much higher initially, we
believe that within three to five years they
will stabilize at a level similar to today.
Theretore, the non-network costs will be
around 4o percent of revenue tor a West-
ern \\‘llrl(‘l f}pf.'["ﬂi(ﬂ 'cllld .‘i(}lf!l‘\\;hl![ Iﬂ‘\\'ﬂl' il'l
low-ARPU regions.

Analyzing a static network won't satisfy
an operator looking for real-life answers.
S0 we look at key areas where there are
question marks.

What would happen, for instance, if traffic
per subseriber increased (||‘;|m'.liina|]5'? Nest
the statistical average, which can increase
l)t'(}![L\P a I‘t‘\‘\’ users Bt‘l]:"l"x“ e IllJSl‘ amaoints
of data, such as when using peer-to-peer;
but rather a traffic increase that an operator
must consider when dimensioning the net-
work. We also investigate what would hap-
pen if an operator moved away from E1/Tz
{backhautl on leased lines) and used micro-
wave links instead. Finally we consider what
effects that variations in subscriber uptake
could have on the business case.

The graph (see graph 4) shows how an
increase ol traffic per subscriber affects
profitability, assuming all other things are
equal. We conclude that, within limits, we
can maintain strong profitability even if

seFRmadber Sunpl. Decl. Bx 25
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traffic increases drastically. In the scenarios
madeled with aperators, shown in the
graph, we have calculated with network
capabilitics up to 21 Mbps, being intro-
duced in some networks during 2009. But
we need to remember that technology is
l“\’(,}l\"l"g \u't‘f}' {:l:‘if_. \‘"I'I(“I'I -'i"f)\\’ing ihﬂ el -
work to evolve all the way into a five-vear
scenario and assuming speeds up (o
56Mbps, we have the tools we need to keep
up with demand and remain profitable.
The most important element of profita-
bility is subscribers paying for the service.
The graph shows how profitability drops
unless enough subscribers are added (see
graph 5). Many operators still have a long
way to go before they have enough sub-
scribers to be profitable. At the same time,
we do see a few operators who, after two
years, have reached a population penetra-
tion above what we use in this sensitivity
alysis. What still has an effect on the end

@
vesult for these operators is the amount of
nodes that they have built out so tar. The
population coverage does vary between
operators and the prerequisites vary by
country. The Nordic countries for example
have quite low population density and
therefore require more sites per inhabitant
than countries with high population density.

MANDLING THE THREATS

If distribution cost per B is counted in
euro cents, and traffic is not an issue at
mast of the sites, why do we keep hearing
that traftic will kill the networks?

The most common argument is that
heavy downloading through file sharving via
pm‘r ] -pr.'c.‘r Hl?plii'.il‘ Lons ‘t“(‘"t'l'ﬂl {3 I'Il!{.',t'
amounts of traffic. As a consequence, fow
operators dare adopt the de facto pri
model on wireline broadband, namely,
unlimited flat rate. Fven though this flat
rate promoles subscriber uptake and is the
easiest pricing for consumers (o under-
stand, operators still worry aboul uncon-
trofled costs from heavy increases in traffic.

All or most mobile networks today have
been running voice, SMs, MMs, and some
mobile data traffic. None of these have gen-
erated much traffic per subscriber. Revenue
growth has been well aligned with traffic
growth (and thus traffic cost) per sub-
scriber. Then along came this new service
that, compared to sms, for example, sasily

]

gl"[]t’riliﬁh i0, 100, OF eVen 1000 liﬂ‘h“ﬁ moge
traffic per subscriber. This has triggered a
knee-jerk reaction among operators, who
think that such a service can't be profitable.
The three applications generating the
highest velume on the internet today are
peer-to-peer file shaving, web browsing,

[graph 4]
Economies of scale

Data usage does not significantly impact the business
case due to economies of scale

Metwork cost par GB per month Profitahility

6%

EBITDA

¥

Dimensioning traffic per subscriber per month

Souime: Encszon Anafysis

[graph 5]
Customer uptake:The driver for profitability due to economies of scale

Network cost per GB per manth Profitability

€25 : B0%
: < EBITDA

0%

B

1.25 M Subs 3,75 M Subs

0,25 M subs
1.5xPrice

Sourte: Erivszon Analysis

and video streaming. Peer-to-peer alone
accounts for over 6o percent of all house-
hold -generated traftic. And with teaffic per
subscriber increasing at a }f\fariy vate of 30
percent, driven mainly by file sharing, we
.'il'[(ﬂ]!(l [(K}L al p"("l' 'L(]'ill‘.(‘[ i-l'!r l?l?fil)r:ll”il}’.
Operators want as many profitable sub-
scribers as possible. This means that
investments made in the network are
driven by the bulk of subscribers and not
by a few heavy users. Ericsson addresses
this by intreducing tratfic-handling prior-

[~
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B ity throughout the network, which allows
the network itself to manage its resources.
The operator must introduce a fair-use
clause in the subscriber's contract so it can
manage heavy usage intelligently. Most
commonly, mobile broadband operators
use unconditional throttling today, which
means that once the fair-use level is
m:l(.‘hud, the [i\r(mgl:pul (h'up:\' toa [)n‘{lr-
termined level. Typically, though, these
speeds don't allow for meaningtul use of
the broadband connection,

Trattic-handling priority (see graph 4)
gives the heavy user a lower priority in the
network once the fair-use level is reached.
TI‘L‘ ile:wy user C‘Ii)t"l'it‘“c&fﬁ a (If_.‘g['i)fi'ﬂl i{)ll
of the service only when competing for
resources in a congested situation. But in
peer-to-peer, the experienced reduction of
the throughput will, over time, be limited.
Only in heavily loaded cells does a peer-to-
pt‘t"l' user H)‘.l]t‘l'it‘l‘t‘.(“ SErIOUs I?l'(}‘)ll""l!\'.
Those sites would soon be targeted for
capacity upgrades since it is normal usage
that is creating the congestion.

Trattic-handling priority allows an oper-
ator to focus on dimensioning the network
tor normal usage while still allowing
unlimited or “all vou can eat” traffic. The
consumer gets better overall quality and
the comfort of using an unlimited service
that does not generate surprises on the bill.

In the long run, unlimited [t rate with a
fair-use clause is potentially cheaper and
more profitable for the operator than
bucket plans. Subscriber uptake aside, we
see that bucket size is increasing drasi-
cally, driven by competition and as a way

ment the market. It's probably
i".lir Lo assume [hill I)lllfkt‘[s ()f 10, 240, OF

means o se

[graph 6]

Traffic han g priority

Heavily loaded cell, filled by p2p traffic

Regular users sull experience the full bandwidth B8 oiorrant
S9N Internet Radio

Bandwidth SN YouTube

“7.2" Mbps limit S wwwoweh.com

fieavy user

Time

even 506GB already on the market must be
fulfilled by the operators. With bucket
plans, the tratfic volumes for dimensioning
the network would continually increase,
and the only limitation the operator has is
the bucket size. However, the fair-use level
ted {lat rate offer nyay not

for an unlir
need to change at all, or at least very little,
all you

over time since it does provide an
can eat” model. The segmentation is
instead achieved rhrough speed and price.

Unlimited flat rate is a complex issue,
and it is difficult to predict what will actu-
ally happen in a network when this model
is applicd. Although the model does allow
t‘il('.ll LISET Lo SE”HE‘I'I“ & as I'l'll.'l('h as 1;“’.‘-’
want, other factors influence the outcome.
The operator's chasen position in the mar-
ket determines which subscribers it
attracts. This in turn defines the behavior
ot its subscriber base, Great variations
exist belwet‘n ‘)p(‘lill()l'!{ ill illl." Same mar -
ket with similar packaging and pricing.

We have based this pricing discussion
entirely on pe-based subscribers to prove
that there is good profitability even in
offering a simple bit pipe. Introducing
intelligent management fanctions in the
network allows the operator to handle all
sorts of situations, such as separating appli-
calion slreams r]'l)l'n H'dl:i‘l ot h("!‘. or \":ir:f'il]g
traffic — and perhaps priving — depending
on time of day; or giving different priority
to smartphone users over PC users; or giv-
ing paying mobile-Tv viewers a higher pri-
ority than “best effort” internet. The possi-
bilities are m".u'ly endless, and it comforts
operators to know they exist.

When we add ther
thern on top of the simple bit pipe, we
improve on an already powertul concept
that will continue to generate good profit
for operators in the future.

And linally, it is nice Lo get the kind of
contirmation we recently received when
one (}f El'i(:ﬁ:{l!ll‘!i customers I'(fl?(l['ltf(l tous
that its current cost per 3 for mobile
!)l l);l("];ll!(i iN now ljl'l\'\v'll })("I(‘\\' EUR 2
only twao vears of operation, $
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